spatiotemporal properties of dendritic function. Thus, there would be considerable advantages to using interTo achieve this, we used conventional patch pipettes (4-7 M⍀ resistance) with tip diameters of approximately nal solutions containing ion-sensitive indicators for targeted recordings. We therefore attempted to target 1.5 m with internal solution containing the fluorescent dye Alexa 594, which can be clearly distinguished due to patch recordings with pipettes containing various calcium indicators, in particular calcium orange (which can its different emission spectrum from GFP when imaging with the two-photon excitation microscope ( Figure 1A) . be spectrally separated from GFP). However, since positive pressure is required to keep the tip of the pipette Initially, using low-power magnification (4ϫ objective) under video guidance, the patch pipettes were coarsely free from contamination, the background fluorescence signal 
Results it was very helpful to overlay the two channels using a false color combination look-up table (Figures 1 and 2 ).
Considerations Procedure for Obtaining Targeted Whole-Cell Recordings In Vivo
Two-photon excitation fluorescence has previously been used to detect calcium transients in cortical neuOptical Requirements for TPTP Since our goal was to direct patch-clamp recordings rons in vivo (Svoboda et al., 1997, 1999; Helmchen et al., 1999), which provides a quantitative measure of the from EGFP-labeled neurons in vivo, it was necessary to visualize the pipette using the two-photon microscope.
spatiotemporal properties of dendritic function. Thus, there would be considerable advantages to using interTo achieve this, we used conventional patch pipettes (4-7 M⍀ resistance) with tip diameters of approximately nal solutions containing ion-sensitive indicators for targeted recordings. We therefore attempted to target 1.5 m with internal solution containing the fluorescent dye Alexa 594, which can be clearly distinguished due to patch recordings with pipettes containing various calcium indicators, in particular calcium orange (which can its different emission spectrum from GFP when imaging with the two-photon excitation microscope ( Figure 1A) . be spectrally separated from GFP). However, since positive pressure is required to keep the tip of the pipette Initially, using low-power magnification (4ϫ objective) under video guidance, the patch pipettes were coarsely free from contamination, the background fluorescence signal (indicator fluorescence increases due to the exguided onto the cortex to approximately the center of the field of view, which was positioned over the barrel tracellular calcium in the cerebrospinal fluid) was almost always too high to visualize the pipette tip. This problem cortex. The low-power objective was then replaced by a water immersion objective (Nikon 40 ϫ 0.8NA; Figure  was diminished by the use of the orange to red fluorescent Alexa dye that is insensitive to ionic composition 1B). Now the dye-filled patch pipette and the EGFP cells were imaged simultaneously with two detection chanand provides strong visible fluorescence, which contrasts well with the green fluorescence of the EGFP. nels using the custom-built two-photon microscope, schematically shown in Figure 1 . For successful navigaThe problem of background fluorescence was further reduced by (1) applying only relatively small positive tion of the patch pipette toward the EGFP-labeled cells, Once the target cell was chosen, the pipette was directed toward the cell using continuous triangular microunsuccessful penetrations. Pipette Navigation and Target Requirements manipulator movements in the XYZ planes. Even under the most favorable conditions, the two-photon fluoresThe pipettes were first lowered into layer 2/3 under low zoom magnification (field of view ‫005ف‬ ϫ 500 m) fluocence image does not provide the finely resolved details of cell membrane and pipette tip that is used to guide rescence guidance to track the entry of the pipette through the pia and upper cortical layers. Once the piseal formation by differential interference contrast microscopy for in vitro preparations. Therefore, it was espette was positioned inside the upper cortical layers, a target cell was chosen. We used two main criteria for sential to use, in addition to visual guidance, the electrical signal to detect when the patch electrode came in cell selection. Considerations In our initial attempts to target recordings, we employed not necessary to choose a target cell prior to pipette entry into the brain. Choosing a trajectory before entry rather strong illumination levels to ensure an optimal visualization of cell and patch pipette. Under such condiinto the brain, which will be needed to target very sparse populations, should be possible by using suitably calitions, we were able to image cell and pipette for prolonged periods and, as judged by the electric signal, brated micromanipulators.
able to bring both cell membranes and pipettes into
Success Rate of TPTP In order to establish TPTP, it was necessary to optimize close contact. However, seal formation between the targeted neuron and the patch pipette was almost never conditions using many experimental preparations (greater than 100). Eventually, however, under optimal condisuccessful under strong illumination. One possible reason for the failure of seal formation could be phototions, TPTP was used successfully to obtain targeted recordings in 50%-70% of preparations. Under optimal damage of the targeted neuron or photo-chemical interactions between the laser and the internal solution of conditions, a targeted whole-cell recording was obtained for one of every five to ten penetrations. Up to 20 penethe pipette (e.g., Schrader et al., 1998). To minimize those effects, we reduced image resolution and minitrations per animal were possible before the optical conditions due to background signals from residual pipette mized the scanning rate, adjusted the dye concentration in the internal solution to match pipette and cell brightinternal fluid prevented successful TPTP. Recordings lasted for 15-60 min, and the quality of recordings (staness, and ensured that navigation of the pipette toward the cell was as fast as possible. In addition, a sufficient bility of membrane potential, series resistance) was comparable to those of L2/3 interneurons obtained by level of EGFP expression was necessary for successful targeting; in a mouse line with low EGFP expression blind in vivo whole-cell recordings in rat barrel cortex (data not shown). (only a single copy of the EGFP-containing BAC inserted in the genome), the laser power required for visualization invariably led to tissue damage. We noticed that in our An Application of TPTP: Spikelet Patterning preparation the appearance of laser-induced electric in Parvalbumin-Positive Interneurons artifacts was a strong predictor of excessive laser during Spontaneous and Sensory-Evoked power. These artifacts, which are generated by a hithNeuronal Activity erto unknown mechanism, consist of small (Ͻ100 pA)
The most significant aspect of intracellular recordings and brief (Ͻ0.1 ms) spike-like deflections occurring at in vivo is that sensory-evoked subthreshold and suprakHz rates and occurred predominately at higher magnifithreshold activity can be examined. Although electrical cation levels. We estimated that at the highest magnificoupling between interneurons in acute brain slice prepcation levels the maximally tolerable average focal laser arations is well documented, there remains no direct intensity is between 1 and 10 mW. Hz, n ϭ 13; Figures 4A and 4B) . Qualitatively, we only observed spikelets when the membrane potential was These cells discharged APs with fast kinetics (see Table  1 ) and displayed an average resting membrane voltage depolarized. To further investigate the relationship between spikelet occurrence and membrane voltage, we of Ϫ63 Ϯ 3 mV (n ϭ 13). In order to determine the degree of spike frequency adaptation, we measured the performed a "spikelet-triggered" average of the membrane potential ( Figure 4B ). The average membrane poaverage of the last three interspike intervals and divided by the average of the first three interspike intervals. This tential measured preceding the peak of the aligned spikelets by 3 ms was significantly more depolarized ratio was calculated from 3-7 sweeps for each cell that discharged ten or more APs in response to a given (Ϫ55 Ϯ 1 mV versus Ϫ61 Ϯ 3 mV, p Ͻ 0.05, n ϭ 31 events; Figure 4B ) than that preceding the spikelet by positive current step (Table 1) evoked only occasionally by sensory stimulation (apDiscussion proximately 10% of trials, n ϭ 3 cells), the same sensory stimulus never triggered a spikelet if the prestimulus TPTP relies on combining the unique features of twophoton microscopy, whole-cell recording, and genetic membrane potential was not sufficiently depolarized (Ϫ58 Ϯ 3 mV, n ϭ 13 versus Ϫ65 Ϯ 1 mV, n ϭ 127 trials, manipulation to express a fluorescent marker protein.
The increasing availability of animals with genetically measured 5 ms prior to stimulus onset, n ϭ 3 cells; Figure 4C ). In contrast to spikelets observed in ongoing modified and labeled cellular subpopulations promises a wide range of applications for TPTP, which need not activity, sensory-evoked spikelets were followed by a hyperpolarization. Such hyperpolarizations were larger be restricted to neurons. Since two-photon microscopy allows a much larger depth penetration than convenin amplitude and had a faster rise time when the evoked reponse contained spikelets (Figures 4B and 4C 
